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Abstrat We present MonteCarlo preliminary results about the feasibility to detet the χc family in p-
p ollisions at 14 TeV in the ALICE Central Barrel at CERN LHC. The χc1 and χc2 were fored to
deay in the hannel J/Ψ + γ → e+e− + γ and were merged with a proton-proton non-biased ollision.
After MonteCarlo transport and simulation of the detetor response, the e+, e− and onverted γ were
reonstruted and identied in the ALICE ITS, TPC and TRD detetors. Separate signals orresponding
to γ from χc1 and from χc2 were observed. The position and relative weight of the t to gaussians agreed
with the input values within the statistial limits. Similar studies will be done for Pb-Pb ollisions.
PACS. 10 The Physis of Elementary Partiles and Fields.  13 Spei reations and phenomenology.
13.20.Gd Deays of J/Ψ , Υ , and other quarkonia.
1 Introdution
Heavy-avour bound states onstitute a valuable probe
of the hot/dense strongly interating matter formed in
relativisti ollisions of heavy nulei. J/Ψ suppression in
entral heavy ion ollisions was observed at SPS [1℄ and
RHIC [2℄ energies. χc is an important soure of J/Ψ as
a signal of deonnement for RpA and RAA studies, and
p-p ollisions should provide the neessary baseline. The
experimental study of χc family has been done in the last
10 years in HERA [3℄, CDF [4℄ and L3 [5℄ experiments
among others (see Fig. 1). Reently, preliminary measure-
ments of Rχc given by equation (1) have been presented
(PHENIX) at RHIC energies [2℄. Preditions of χc1/Ψ and
χc2/Ψ for Pb-Pb at LHC exist in the ontext of the Sta-
tistial Hadronization Model [6℄.
Rχc =
1
σ(J/Ψ)
2∑
i=1
σ(χci)BR(χci → J/Ψ + γ) (1)
2 ALICE Experiment at CERN LHC
ALICE is a general purpose heavy ion experiment de-
signed to study the physis of strongly interating matter
and the Quark Gluon Plasma (QGP) in nuleus-nuleus
ollisions at the LHC.
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Figure 1. Compilation of the experimental data on Rχc [7℄.
The following ALICE subsystems were used for the
identiation and reonstrution of the χc (see Fig. 2):
 ITS (Inner Traking System): measures the position
of the primary and seondary verties of short lived
partiles.
 TPC (Time Projetion Chamber): performs the trak-
ing of the harged partiles and the partile identia-
tion through dE/dx.
 TRD (Transition Radiation Detetor): allows e/pi sep-
aration and improves momentum resolution.
Momentum for eletrons from primary vertex was mea-
sured with the three detetors. For some γ's, part of the
ITS or the omplete ITS maybe missing depending where
the onversion ours.
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Figure 2. General layout of the ALICE experiment at CERN
LHC.
3 Monte Carlo Generation
The χc → J/Ψ + γ events were generated with AliRoot
v4-11-Rev-02 under the following onditions:
 Cross setions [8℄:
σ(χc1) = 31.8µb (2)
σ(χc2) = 52.5µb (3)
 Transverse momentum pt and rapidity y for χc were
assumed to be the same as for J/Ψ , and given by equa-
tions (4) and (5), respetively.
f(pt) =
pt(
1 +
(
pt
4
)2)3.6 (4)
f(y) =
{
e−(|y|−4)
2/2
if |y| > 4
1 if |y| < 4
(5)
 J/Ψ were fored to e+e− deay and the pseudorapid-
ity η for the deay produts (e+, e− and γ ) was on-
strained to |η| < 1.2. The χc aeptane implied by
this ondition is ∼10%.
 Eah χc event was merged into a non-biased proton-
proton ollision at 14 TeV generated by PYTHIA v6.214.
The transport of the interation produts through the de-
tetor and its response were simulated by GEANT v1-9,
and the data produed were reonstruted using the Ali-
Root software.
106 of these events were generated and reonstruted
using the ALICE GRID. The reonstrution of one of
these events is shown in Fig. 3, where non-eletron traks,
mainly generated in the proton-proton non-biased olli-
sions, have been removed for larity.
4 J/Ψ Reonstrution
After seleting traks oming from the primary vertex
within 3 sigmas, and requiring a signal in the entral de-
tetor ITS, TPC and TRD, eletrons were reonstruted
Figure 3. Visualization of a χc → J/Ψ+γ event in the ALICE
Central Barrel.
and identied with an eieny of 94.1% and purity of
99.5%. Then, the invariant mass M(e+e−) spetrum was
omputed. Contamination of ∼ 4 % oming from γ on-
verted very near of the origin, from Dalitz pairs in pi0 de-
ay and from other soures was ured utting out the pairs
where angle between e+ and e− was lower than 0.05 rad.
Final spetrum (see Fig. 4) showed the J/Ψ . Note that the
tail on the left of the J/Ψ peak is due to bremsstrahlung.
The like-sign tehnique reprodued quite well the ombi-
natorial bakground (see Fig. 4) sine open heavy avour
semileptoni deay was not taken into aount in the gen-
erated events.
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Figure 4. Mass spetrum of J/Ψ (irles) and its ombinato-
rial bakground (line).
The reonstrution eieny for J/Ψ within |η| < 0.9
is 37.0% after subtrating the ombinatorial bakground
and integrating the peak from 2.8 to 3.6 GeV/c2 to sup-
press the bremsstrahlung tail. Inluding the bremsstrahlung
tail the eieny is 47.6%.
5 γ Reonstrution
In our data, photons originate from the deay of χc →
J/Ψ + γ and from the deay of neutral mesons from the
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simulated non-biased p-p ollisions. Part of these photons
onvert on the detetor material, mainly in the material
prior to the TPC (see Fig. 5), whih allows a good lever
arm to reonstrut the by produts. The onversion prob-
ability in the χc aeptane is of 8.3%.
Figure 5. Distribution of reonstruted γ onversion verties.
The reonstrution of the photons from the positive
and negative traks was done by the onversion method,
based on the nding of the opposite sign traks assoiated
to a V 0 and on uts on the angle (< 0.1 rad) and on the
mass (< 0.175 GeV/c2) of the positive and negative traks.
The Fig. 6 shows the pt for all the reonstruted γ
(upper), and the pt for the γ from χc onrmed by Mon-
teCarlo (lower). Note that γ an be reonstruted down
to a pt of 100 MeV/.
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Figure 6. Transverse momentum distribution, pt, of all γ and
of χc photons, reonstruted using the onversion method.
The reonstrution eieny of χc photons has been
omputed for two sets (see Fig. 7): a) the reonstruted
V 0 tagged as γ after applying the seletion uts and re-
quested to ome only from χc, and b) the reonstruted
V 0 assoiated to χc photons. Figure 7 shows an average
total eieny for γ from χc deay (that lie in the low pt
region) of 3.0%. Work is in progress to improve eieny.
It also shows that the set of uts selets quite well the γ
from χc.
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Figure 7. Reonstrution eieny of χc photons. Cirles
are the eieny, given the onversion probability and the V 0
method, using the MC information to identify the χc photons,
and triangles the eieny from reonstrution after applying
the uts and seleting only the photons oming from χc.
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Reonstrution
One the J/Ψ and the γ's oming from the primary ver-
tex are deteted on the entral barrel, χc an be identied
in the invariant mass spetrum of J/Ψ and γ, M(e+e−γ).
However, the invariant mass dierene∆M = M(e+e−γ)−
M(e+e−) provides better resolution than M(e+e−γ) be-
ause of the anellation of systemati errors. Some γ's
ome in fat from eletron bremsstrahlung onversions
near the primary vertex. To ure this ontamination we
requested the angle between the eletron and the reon-
struted γ to be greater than 0.05 rad. The ombinatorial
bakground was omputed with the event mixing teh-
nique (see Fig. 8).
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Figure 8. ∆M = M(e+e−γ) −M(e+e−) spetrum (irles)
and its ombinatorial bakground (line).
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Fig. 9 shows the spetrum after subtration of the
bakground. Integration from 0.3 to 0.5 GeV/ allows to
ompute the mean reonstrution eieny within the
Central Barrel aeptane for χc as 0.9%.
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Figure 9. ∆M after bakground subtration, showing energy
transitions from χc1 and χc2 to J/Ψ in CM referene system.
The ontinuous line shows the nominal position and amplitude
of the peaks.
χc reonstrution eieny for dierent intervals of pt
ranges from 0.7% to 1.0% within the small statistis of
this study (see Fig. 10).
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Figure 10. χc reonstrution eieny as a funtion of pt.
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Expeted Rates
Taking into aount the ross-setions given in (2) and
(3), the deay rates [9℄:
χc1 → J/Ψ + γ : 35.6% (6)
χc2 → J/Ψ + γ : 20.2% (7)
J/Ψ → e+e− : 5.94% (8)
and assuming a luminosity:
L = 1030m−2s−1 (9)
the rate of χc → J/Ψ + γ prodution is 1.3 per seond.
This must be weighted by our aeptane (10 %) and our
reonstrution eieny of 0.9 % to give 1.2×10−3 observ-
able χc per seond, assuming a 100 % trigger eieny.
The trigger strategy is in disussion, so this gure is a
maximum, and assuming a nominal pp run of 107 s, the
total maximum expeted χc is aordingly ∼ 12000.
8 Conlusions
The eletrons from J/Ψ were reonstruted and identi-
ed using the ALICE Central Barrel with an eieny
of 94.1% and purity of 99.5%. The J/Ψ was reonstruted
with an eieny of∼37% after utting the bremsstrahlung
tail, seleting onlyM(e+e−) events from 2.8 GeV/c2 to 3.6
GeV/c2.
γ were reonstruted via onversions in the Central
Barrel with pt reahing down to 100 MeV/. The mean
reonstrution eieny was ∼3%.
χc an be deteted in the ALICE Central Barrel down
to a pt of 0.250 GeV/. ALICE TPC resolution allows for
observing a dened struture of χc family viaM(e
+e−γ)−
M(e+e−) mass dierene, showing transitions from χc1
and χc2 to J/Ψ . The overall eieny of χc reonstrution
was ∼0.9%.
Assuming a luminosity of 10
30
m
−2
s
−1
the rate of
observable χc's is expeted to be 1.2 × 10
−3
per seond,
with an ideal trigger.
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